Abstract: Polytungstozincate acid was prepared from sodium polytungstozincate and after formulation, Na 3 H 9 [WZn 3 (H 2 O) 2 (ZnW 9 O 34 ) 2 ], was used as an efficient catalyst for the synthesis of xanthene derivatives under solventfree conditions. The simple experimental procedure, short reaction times (40-120 min.), and excellent yields (81-94%) are the advantages of the present method.
INTRODUCTION
Due to the super acidic properties of solid polyoxometalates acids (HPOMs), in the last three decades, polyoxometalates acids have found numerous applications as useful and versatile acid catalyst for some acid-catalyzed reactions [1] [2] [3] . They are usually solids that are insoluble in non-polar solvents but highly soluble in polar ones. They can be used in bulk or supported forms in both homogeneous and heterogeneous systems. Furthermore, polyoxometalates acids have several advantages, including high flexibility in modification of the acid strength, ease of handling, environmental compatibility, and non-toxicity and experimental simplicity [1] [2] [3] . Various polyoxometalates acids in general and Keggin and Well-Dawson acids in particular have attracted considerable amount of interest as acid catalysts for the synthesis of fine chemicals [4] . In spite of vast area of polyoxometalates acids, most of attention has been devoted to the catalytic behavior of Keggin, Well-Dawson and Preyssler type polyoxometalates acids [5] [6] [7] . It has been demonstrated recently that the polytungstometalates have high potential as recyclable oxidative catalysts in the synthesis of fine chemicals. However, applications of polytungstometalate acids in acid catalyst reactions are not explored [4] [5] [6] [7] [8] [9] .
Xanthenes and benzoxanthenes have recently received great attention because of their wide range of therapeutic and biological properties, such as antibacterial [10] , antiviral [11] , and anti-inflammatory activities [12] . Furthermore, these compounds have emerged as sensitizers in photodynamic therapy, a well known method of controlling the localized tumors [13] . The other useful applications of these heterocycles are as dyes [14] and in laser technologies [15] .
Many procedures are disclosed to synthesize xanthenes and benzoxanthenees like cyclodehydrations [16] , trapping of benzynes by phenols [17] , alkylations to the heteroatoms *Address correspondence to these authors at the Department of Chemistry, Shahid Beheshti University, G.C., Tehran 1983963113, Iran; Fax: +98-21-22431661; Tel: +98-21-29903104; E-mails: a_bazgir@sbu.ac.ir, m-pouramini@cc.sbu.ac.ir [18] , and cyclo condensation between 2-hydroxy aromatic aldehydes and 2-tetralone [19] . Furthermore, 14H-dibenzo[a,j]xanthenes and its analogous are prepared by reaction of 2-naphthol with 2-naphthol-1-methanol [20] , formamide [21] , and carbon monoxide [22] .
In spite of potential utility of aforementioned routes for the synthesis of xanthene derivatives, many of these methods involve expensive reagents, strong acidic conditions, long reaction times, low yields, use of excess of reagents/catalysts and use of toxic organic solvents. Therefore, to avoid these limitations, the discovery of a new and efficient catalyst with high catalytic activity, short reaction time, recyclability and simple work-up for the preparation of xanthenes under neutral, mild and practical conditions is of prime interest. The aim of this study is to utilize the polytungstozincate acid as a catalyst for the synthesis of xanthene derivatives.
EXPERIMENTAL
Melting points were measured on an Elecrtothermal 9100 apparatus and are uncorrected.
1 H and 13 C NMR spectra were recorded on a BRUKER DRX-300 AVANCE spectrometer at 300.13 and 75.47 MHz, respectively. IR spectra were recorded on a Bomem MB-Series FT-IR spectrophotometer. Elemental analyses were performed using a Heracus CHN-O-Rapid analyzer.
General Procedure for the Preparation of Catalyst
Sodium polytungstozincate, Na 12 
General Procedure for the Preparation of 14-Aryl-14H-Dibenzo[a,j]Xanthenes
A mixture of 2-naphthol (2 mmol), aldehyde (1 mmol) and polytungstozincate acid (1 mol %, 0.05 g) was heated at 80 o C for an appropriate time (TLC). After cooling, the reaction mixture was washed with CHCl 3 (10 ml). The solvent was evaporated and the crude product recrystallized from EtOH to afford the pure product. The recovered catalysts dried for 1h at 100 o C for investigation of the recyclability of the catalysts.
General Procedure for the Preparation of 1,8-DioxoOctahydro-Xanthenes
A mixture of 5,5-dimethyl-1,3-cyclohexanedione (2 mmol), aldehyde (1 mmol) and polytungstozincate acid (1 mol %, 0.05 g) was heated at 80 o C for an appropriate time (TLC). After cooling, the reaction mixture was washed with CHCl 3 (10 ml). The solvent was evaporated and the crude product recrystallized from EtOH to afford the pure product. The recovered catalysts dried for 1h at 100 o C for investigation of the recyclability of the catalysts.
All the products are known compounds and were characterized by IR and NMR spectroscopic data and their melting points are compared with reported values.
General Procedure for the Preparation of 13-Aryl-13H-6-Oxo-Pentacene-5,7,12,14-Tetraone
A mixture of 2-hydroxy-1,4-naphthalenedione (2 mmol), aldehyde (1 mmol) and polytungstozincate acid (1 mol %, 0.05 g) was heated at 80 o C for an appropriate time (TLC). After cooling, the reaction mixture was washed with hot DMF (5 ml) and DMF filtrated was diluted with water. The separated red solid was filtered under suction and the crude product recrystallized from EtOH to afford the pure product. 
RESULTS AND DISCUSSION
In continuation of our interest on the application of heterogeneous catalysts, especially polyoxometalates acids, for development of useful synthetic methodology [24] [25] [26] , we wish to report a simple, convenient and efficient method for the synthesis of xanthenes derivatives using polytungstozincate acid as a reusable eco-friendly catalyst under solventfree conditions. We began to study this condensation reaction by examining the amount of catalysts for the reaction involving 4-chloro-benzaldehyde 2c and 2-naphthol 1 to afford the product 3c under solvent-free conditions at 80 o C (Scheme 1). We found that 0.05 g of polytungstozincate acid seems to be the optimum amount of catalyst and increasing amount of catalyst did not improve the yields while decreasing the amount of catalyst decreased the yield.
Apparently, reaction of various aromatic aldehydes 2a-g and 2-naphthol 1 in the presences of the optimized amount of polytungstozincate acid under solvent-free conditions at 80 o C resulted in the formation of 14-aryl-14H-dibenzo[a,j]xanthene 3a-g (Scheme 1). High yields were obtained using aromatic aldehydes carrying electrondonating or electron-withdrawing substituents in 1-2 h (Table 1), and many problems which many associate with solvent use such as cost, handling, safety and pollution have been avoided.
In aforementioned experiments the catalyst can be isolated by filtration and reloaded with fresh reagents for further runs. No significant leaching of catalyst was observed. Notably recyclization of catalyst is possible for three successive times without significant loss of activity (Table 1, entry  3c) . Finally, it should be mentioned when reactions were carried out in the absence of catalyst for long period of time (7-8h) and in solvent-free condition at 80 °C the yields of products were low (<30%).
However, the reaction conducted with 1-naphthol instead of 2-naphthol, could not afford any product. The experimental procedure of the present reaction is simple and the conversion was completed within a short period of time ( Table 1) . Table 2 , our method is simpler, more efficient, and less time consuming for the synthesis of 14-aryl-14H-dibenzo[a,j]xanthene derivatives.
The following mechanism can be proposed and account as a possible pathway for the polytungstozincate acid catalyzed transformation. One molecule of 2-naphthol was firstly condensed with an aromatic aldehyde to afford intermediate 4. Encouraged by these results, we replaced the 5,5-dimethyl-1,3-cyclohexanedione 5 instead of 2-naphthol 1 in the same conditions (Scheme 3). The reaction of 5,5-dimethyl-1,3-cyclohexanedione 5 was carried out with various aromatic aldehydes under solvent-free conditions at 80 o C, which also afforded 1,8-dioxo-octahydroxanthene derivatives 6a-g in good to high yields within a short period of time (40-80 min, Table 3 ). We have found that the reaction proceeds very efficiently with aromatic aldehydes carrying electron-donating or electron-withdrawing substituents. As can be seen from Table 3 , in these experiments, recyclization of catalyst is possible for three successive times without significant loss of activity ( Table 3 , entry 6c).
The suggested mechanism of the polytungstozincate acid catalyzed transformation is shown in Scheme 4. In this process, polytungstozincate acid is a protonic acid, which catalyzes this reaction.
The efficiency of polytungstozincate acid (time, yield, reaction conditions) are compared with efficiency of other catalysts in synthesis of 1,8-dioxo-octahydroxanthenes and the results are presented in Table 4 . It is clear; the present method is simpler, more efficient and less time consuming for the synthesis these compounds.
Similarly, 13-aryl-13H-6-oxo-pentacene-5,7,12,14-tetraone derivatives 8a-d were obtained by the reaction of 2-hydroxy-1,4-naphthalenedione 7 and aromatic aldehydes (Scheme 5). When the reaction was carried out under solvent-free conditions at 80 o C in the presence of catalyst, the 13H-6-oxopentacene-5,7,12,14-tetraone derivatives 8 were obtained in good yield (Scheme 5), while without catalyst only starting material was recovered. This indicates a catalyst is requiring for this reaction. 
CONCLUSION
We have developed a simple, efficient and green methodology for the synthesis of xanthenes using H 9 Na 3 [WZn 3 (H 2 O) 2 (ZnW 9 O 34 ) 2 ].24H 2 O under solvent-free conditions. The simple experimental procedure, solvent-free reaction conditions, excellent yields and utilization of a reusable catalyst are the advantages of the present method. 
